Analytical validation
Sequence analysis detects 499% of the (point) mutations present in the area that has been investigated, MLPA has an estimated sensitivity of 490% for individual exons, and 495% for deletions covering more probes.
1.8 Estimated frequency of the disease (incidence at birth ('birth prevalence') or population prevalence) Prevalence at birth: 1:10 000 (ranges from 1:8500 to 1:15 000 in the literature). 6 1.9 If applicable, prevalence in the ethnic group of investigated person There is no evidence at present for a different prevalence in various ethnic groups.
Diagnostic setting
Comment:
TEST CHARACTERISTICS

Analytical sensitivity (proportion of positive tests if the genotype is present)
Depends on the method used. If only CHD7 sequencing is performed, deletions are missed less than 5% due to whole-exon or whole-gene deletions. 5, 7 If sequencing is combined with MLPA, 100%.
Analytical specificity (proportion of negative tests if the genotype is not present)
Almost 100% (some variants may erroneously be interpreted as pathogenic).
Clinical sensitivity (proportion of positive tests if the disease is present)
The clinical sensitivity can be dependent on variable factors such as age or family history. In such cases a general statement should be given, even if a quantification can only be made case by case.
Depends on the clinical criteria used. In over 95% of the patients who fulfil the criteria of Blake or Verloes 8,9 a mutation is found. 1 In those who are suspected for CHARGE syndrome in 60-70% a mutation is found The clinical variability of the syndrome is considerable. If the diagnosis is based on the Blake or Verloes criteria, some people with CHARGE will be missed. The clinical specificity is over 95%, since less than 5% of the patients with a CHD7 mutation do not completely fulfil these criteria. However, it should be taken into account that the mild end of the phenotypic spectrum is not completely known yet. For example, CHD7 mutations are also found in patients diagnosed with Kallmann syndrome or hypogonadotropic hypogonadism with minimal additional features of CHARGE syndrome. 11, 12 2.5 Positive clinical predictive value (life-time risk to develop the disease if the test is positive) 100%, but high clinical variability (see also 2.4).
Negative clinical predictive value (probability of not developing the disease if the test is negative)
Assume an increased risk based on family history for a non-affected person. Allelic and locus heterogeneity may need to be considered. Index case in that family had been tested: 100%. Index case in that family had not been tested: This depends on the a priori chance of the index to find a mutation, which varies between 60-90%. There is always a residual risk, but complete analysis (sequencing and MLPA) will reduce this by 90-95%.
3. CLINICAL UTILITY 3.1 (Differential) diagnosis: The tested person is clinically affected (To be answered if in 1.10 'A' was marked) 3.1.1 Can a diagnosis be made other than through a genetic test? 3.1.2 Describe the burden of alternative diagnostic methods to the patient. CHARGE syndrome can be diagnosed clinically but not by solely using the CHARGE acronym (C¼coloboma, H¼heart defect, A¼choanael Atresia, R¼retardation of growth and development, and E¼ear abnormalities) or the major criteria (coloboma of the eyes, choanal atresia, characteristic ear malformations including deafness, and cranial nerve abnormalities). Scanning of the temporal bones often elicits abnormalities in the semi circular canals, which brings more specificity to the diagnosis. 13 3.1.3 How is the cost effectiveness of alternative diagnostic methods to be judged? Gene testing is still expensive, and for that reason many parents, particularly those with older children, have not had their child tested. 14 Early management may involve repair of choanal atresia, cardiac abnormalities, and tracheoesophageal fistula. Attention to gastroesophageal reflux and the swallowing mechanism is an important early management problem that is often forgotten. 15 Botox injections into the salivary glands have recently proven effective. 16 Middle -attention to physical therapy for balance problems. Occupational therapy for fine motor and feeding problems.
Speech and language therapy for swallowing, feeding problems, and speech. In the last 8 years, children with CHARGE syndrome are less likely to have tracheostomies, but are more likely to have G or J tube feeding. Watching for hidden anomalies such as renal disease, t-cell dysfunction, continued assessment of hearing, and vision with a view to baha or cochlear implants. Late -hormone issues are common, growth hormone deficiency is less prevalent than abnormalities of sex hormones, especially in boys. Vitamin D and calcium intake throughout childhood and into adolescent hood needs to be maximized. We recommend increase calcium and vitamin D intake to protect bone development. 17 If the test result is positive, yes; see 3.1. 4 3.3 Genetic risk assessment in family members of a diseased person (To be answered if in 1.10 'C' was marked) 3.3.1 Does the result of a genetic test resolve the genetic situation in that family? Not necessarily, but if a mutation is found in the patient and not in the parents, recurrence risk can be given with more certainty and prenatal diagnosis can be offered. Moreover, in that situation sibs of the patient do not have an increased risk for having children with CHARGE syndrome. If the mutation is found in mosaic or non-mosaic form in one of the parents, recurrence risk is increased (up to 50%) and prenatal or pre-implantation diagnosis should be discussed.
Can a genetic test in the index patient save genetic or other tests in family members?
Family members may have very mild characteristics of CHARGE syndrome and therefore should be tested. Somatic mosaicism has been described in parents. So in case of child wish, parents should be tested to obtain a more accurate recurrence risk.
Does a positive genetic test result in the index patient enable a predictive test in a family member?
Yes. If an index patient has CHARGE syndrome other family members can be genetically tested.
Prenatal diagnosis
(To be answered if in 1.10 'D' was marked) 3.4.1 Does a positive genetic test result in the index patient enable a prenatal diagnosis? Yes. If an index patient has CHARGE syndrome, then subsequent pregnancies can be screened genetically and by ultrasound.
IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical consequences. Is there any evidence that a genetic test is nevertheless useful for the patient or his/her relatives? There is a lot of discussion in Hartshorne et al 12 that might be helpful, including reasons for testing or not testing given by parents and a discussion of the ethical issues involved.
